Objective: Hemipelvectomy is a complex surgery with a high complication rate. Here, we aimed to identify factors related to the onset of complications and calculate their impacts on hospital costs. Methods: We evaluated 31 consecutive patients who underwent hemipelvectomy between 1999 and 2015. We assessed the clinical and radiographic data to determine the patients' demographic factors, tumor and surgical characteristics, and complications. The individual hospital stays and financial balances were assessed up to 6 months following the index surgery. Results: The overall complication rate was 61% (19/31). Infection was the most prevalent complication (36%). Immediate postoperative death occurred in 5/31 patients (16%); another 5 (16%) died after hospital discharge due to disease progression. Histological grade, previous surgery, and previous radiotherapy were not associated with complications or infection. Acetabular resections, bone reconstruction, and longer operative times were associated with infection, whereas older age, pelvic organ involvement, and comorbidities were associated with immediate postoperative death. Complications and infection were associated with 4.8-and 5.9-fold increases in hospital costs, respectively. Conclusions: Acetabular resection and bone reconstruction are important factors that increase short-term complication rates, infection rates, and hospital costs. Mortality was associated with older age and adjacent pelvic tumor progression. 
RESUMO

Objetivo: Hemipelvectomia é uma cirurgia complexa associada a alta taxa de complicações. O objetivo foi identificar fatores relacionados a complicações e calcular o impacto sobre os custos hospitalares. Métodos: Avaliamos 31 pacientes consecutivos submetidos à hemipelvectomia entre 1999 e 2015. Analisamos dados clínicos e radiográficos para determinar variáveis demográficas, características do tumor e cirurgia, e complicações. A internação hospitalar individual e o balanço financeiro foram calculados até seis meses após a cirurgia principal. Resultados: A taxa de complicações foi de 61% (19/31). Infecção foi a complicação mais frequente (36%). Morte pós-operatória precoce foi observada em 5/31 pacientes (16%) e outros cinco (16%) morreram após alta hospitalar devido à progressão da doença. Grau histológico, cirurgia e radioterapias prévias não estiveram associadas com complicações ou infecções. Ressecções acetabulares, reconstruções ósseas e maiores tempos cirúrgicos estiveram associados com infecções, enquanto que mais idade, envolvimento de orgão pélvico e comorbidades estiveram associados com morte precoce. Complicações e infecções apresentaram aumento de 4,8-, e 5.9-vezes nos custos hospitalres. Conclusões: Ressecções acetabulares e reconstrução óssea são fatores importantes que aumentam as complicações, infecções e custos hospitalares. Mortalidade está associada com maior idade e progressão tumoral intrapélvica. Nível de Evidência IV, Série de casos.
INTRODUCTION
Primary tumors of the pelvis are complex conditions that may require aggressive treatment. Chondrosarcoma is the most frequent primary tumor of the pelvis, followed by Ewing's sarcoma and osteosarcoma.
1,2 Pelvic tumors present less favorable prognosis compared to long bone tumors. 2 Pelvic tumors are generally large at diagnosis, and the therapeutic decision-making is challenging because of the contiguous neurovascular structures, intestinal tract and urinary tract. 1, [3] [4] [5] The proportion of external hemipelvectomies has decreased in recent decades, following the same trend of limb salvage that is applied for the current treatment of long bone tumors. 6 Despite a considerable decrease in the mortality rate, which is currently between 0 and 10%, the complication rate remains very high, between 30 to 80%. Wound infection, flap necrosis, reconstruction failures (aseptic loosening, fractures, pseudarthrosis), nerve lesions, thrombosis, viscera injuries and functional disability have been frequently reported. [3] [4] [5] [6] [7] [8] Infection is the most common postoperative complication, varying between 20% and 80%. 3, 4 Older age, prolonged operative time, poor flap viability and the type of reconstruction are factors associated with complications. 1, 3, 4 Cost analyses of hemipelvectomies are poorly reported in the literature, and a study detailing the complication rate and costs may provide useful information for specialized oncologic centers. The impact of several factors, such as implant requirements, hospitalization in intensive care units and the characteristics of the complications are of utmost importance to the financial balance. The objectives of this study were to (a) analyze the risk factors that might influence the rate of complications, infection and death and (b) perform a cost analysis of a series of patients affected by pelvic tumors who were treated with hemipelvectomy in a single institution funded by the public health system.
MATERIALS AND METHODS
This is a retrospective study approved by the Institutional Review Board (CAAE: 47355415.0.0000.5440), with waiver of informed consent. We included 31 consecutive patients who underwent hemipelvectomy as index surgical treatment for the treatment of primary pelvic tumors from January 1999 and July 2015. Clinical and imaging data were reviewed from the preoperative up to the first six postoperative months following hemipelvectomy. There were 17 men and 14 women with a median age of 46 years (ranging from nine to 79). We assessed patient demographic characteristics (age and sex), diagnosis (tumor grade and pelvic organ involvement), risk factors (body mass index, hypertension, diabetes, previous radiation therapy, chemotherapy or surgery, and tobacco use), type of surgery (internal or external hemipelvectomy, resection classification, bone reconstruction, pelvic organ reconstruction, operative time, and need for blood transfusion), hospitalization length (ward and intensive care hospitalization days) and final status (resolution of complications, number of reoperations and need for conversion to external hemipelvectomy) ( Table 1) . We further evaluated the main variables including (a) the presence of complications, which included early death, infection, bowel fistula, abdominal wall hernia, and renal insufficiency; (b) the presence of postoperative infection, which included deep infection, dehiscence, and flap necrosis; (c) early or late death, and (d) the estimated financial balance. Immediate postoperative death was considered an inpatient event, and late death was considered after the hospital discharge. The most frequent histological type was chondrosarcoma (seven cases), followed by Ewing's sarcoma (five cases) and osteosarcoma (four cases). Sixteen tumors were classified as high grade. The involvement of pelvic organs occurred in 12 patients, and the bladder was the most frequently affected organ (four cases, 13%), followed by the rectum (three cases, 10%). Seventeen hemipelvectomies were internal, and 14 were external (55% and 45%, respectively). Resections were classified according to the Enneking and Dunham classification. 9 The most common type was I + II + III (29%), followed by type III (19%) and type II + III (13%). In nine cases (29%), some type of bone reconstruction was required: endoprosthesis alone in two cases, fibular graft in one, and a polypropylene mesh alone in three. The polypropylene mesh was combined with endoprosthesis in two additional cases and with fibular graft in one additional case. The fibular graft was used to reconstruct the pelvic ring. The polypropylene mesh was used to reconstruct the abdominal wall or to attach the endoprosthesis to the remaining bone when hip medialization was performed ( Figure 1 ). The median operative time was six hours, ranging from 1.4 to 22.3 hours. Blood transfusion, with a median of 3 units (1 -6 units) was needed for 22 patients and 
RESULTS
Complications
Complications were found in 19 of 31 patients (61%) ( Table 1) . Eleven patients had deep infections or flap necrosis, and one of them died due to multiple organ failure. Two patients had abdominal organ herniations, one had renal insufficiency, and another two had bowel fistulizations (one death). Another three patients died due to multiple organ failure. Higher complication rates were related to older patients (p=0.01), pelvic organ involvement (p=0.01), tobacco use (p=0.046), bone reconstruction (p=0.01), and operative time (p=0.001).
Infection
Infection was the most common complication (11 of 31; 36%). Deep infection occurred in nine patients (29%) and two patients had flap necrosis and dehiscence (7%) ( Table 1 ). The overall strategy for infection treatment was based on debridement in the operating room and intravenous antibiotics, with a control rate of 89%. In only one of 11 patients, infection could not be controlled within six months after surgery. The infection rate was significantly high for the longer surgeries (p=0.002), when bone reconstruction was needed (Table 2 ) (p=0.001) and when at least the acetabulum was resected (type II hemipelvectomy) (p=0.023).
Death
Ten of 31 patients (32%) died within the six-month postoperative period (Table 1 ). An early mortality rate of 16% (five patients) was observed after a median time of 29 days (13 -88) after surgery. The late mortality rate, after hospital discharge, was also 16% (five patients) as a consequence of tumor progression. Early death was significantly high for older patients (p=0.02), pelvic organ tumor involvement (p=0.02) and patients who underwent external hemipelvectomies (p=0.034). Thirteen patients (42%) had prior disease (including hypertension [11 cases] and diabetes mellitus [five cases]), and these comorbidities were associated with early death (p=0.02).
Cost analysis
The median postoperative hospital inpatient stay was 15 days and ranged from 2 to 141 days. The presence of complications increased the median hospital stay from 7 days (2 -22) to 38 days (9 -141) (p=0.001). Specifically, infection increased the median hospital stay from 9 (2-109) to 40 days (10-141) (p=0.002). The median cost was R$15,517.81 and ranged from R$3,162.99 to R$87,970.99. The presence of complications led to a 4.8-fold increase in the median total costs (p=0.000), whereas infection led to a 5.9-fold increase in the median total costs (p=0.001). The median cost was increased by 2.1 for the early death patients (p=0.16) ( Table 3 ). Bone reconstruction with implant usage led to a 5.7-fold increase in the median total cost in relation to non-reconstructed hemipelvectomies. The implant requirement was responsible for only 10% of this increase, whereas hospital stay and surgical costs contributed 26% and 19% to the total cost, respectively.
DISCUSSION
Pelvic bone tumors have varying sizes, affecting different regions, organs and other soft tissues. This large variety of presentations makes challenging the surgical resection, and hampers the comparisons between surgical strategies. Large series with sufficient power to address these issues are quite rare. 3 Several techniques are used to reconstruct the disrupted pelvic ring 5, 7, 10 and the flail hip joint 1, 11 and are associated with increased infection rates. Although, the surgical reconstruction is based on the disruption of the iliac ring and the support for the affected lower limb, 12,13 these two factors are not considered by in the Enneking and Dunham classification. 9 Many aspects of bone reconstruction remain unknown, such as the need for pelvic ring or acetabular reconstruction, the impact of prosthesis or allograft implantation on the infection rate and patients' functionality. Moreover, the prevalence and results of these varying surgical characteristics may have consequences in the hospital costs which were the objectives of this study. The reconstruction of the pelvic ring is recommended to maintain the limb length and provide mechanical support for the preserved acetabulum. 2 Iliosacral arthrodesis with autograft, allograft, prosthesis or a combination of the three have been reported. 13 Apposition of the remaining iliac bone to the sacrum is the easiest reconstruction technique and can be performed when the distance between both bones is small. 13, 14 For larger resections, Müller et al. 8 suggested the use of megaprosthesis. Hillmann et al. 12 recommended vascularized fibular grafts. 12 It has been suggested that the reconstruction of the pelvic ring provides improved gait scores in comparison with non-reconstruction. 10 For resected acetabulum, the hip support can be restored by arthrodesis, 14 prosthesis, autograft, or hip transposition (Figure 1 ), improving the pelvic stability, load bearing, and reducing the limb length discrepancy. Prosthetic reconstruction is commonly related to increased loosening and infection rates.
2,3,13,14 Gebert et al.
11
reported good results with a low infection rate of 3 in 17 patients subjected to medialization of the hip with femoral endoprosthesis implantation. Barrientos-Ruiz 15 had 10 wound and 2 deep infections in ten ice-cream-cone prosthesis implantations. Zeifang et al. 5 suggested that biological reconstruction should be performed in younger patients, providing better longstanding functional results, whereas in older patients, endoprosthetic reconstruction should be preferred because of lower complication rates. Deep infection, flap necrosis and implant loosening are the most frequent complications. The infection rate ranges from 10% to 50% and may demand multiple surgical debridements and soft tissue reconstructive procedures. 2, 3, 8, 11, 12, 16 Longer operative time and increased complexity are associated with higher wound infection and flap necrosis rates. 4 Hip transposition was associated with a infection rate of 29%. 11 Angelini et al. 3 reported an infection rate of 15% and 26% for non-and reconstructed hemipelvectomies, with a cure rate after one year of 87%. In our study, the rate of infection was 36%, with a resolution rate of 91% in 6 months. Infection was associated with implant use for bone reconstruction. As described by other authors, the histological grade of the tumor, previous surgery and previous radiotherapy were not associated with infections or complications. 3, 4, 11 Hospital cost varied enormously. Hospital stay was responsible for almost 53% of costs. Surgery costs corresponded to 27% of costs, and implant cost was responsible for only 4%. The onset of complications and infections caused a 4.8-and 5.9-fold cost increase, respectively, and prolonged the hospital stay from 7 days to 38 days and 9 days to 40 days, respectively. Similar studies showed that a prolonged hospital stay and the use of expensive medication increased total knee prosthesis revision costs in the United States. Infected and non-infected revisions were 3 to 4 times and two times more expensive in comparison with primary arthroplasties. 17 In the United Kingdom, hospital stays for revisions of infected knee arthroplasties and the associates costs are more than twice as long and three times as high as those of aseptic revisions. 18 The main limitation of this study is the small sample size due to the rarity of pelvic tumors. However, a larger series has shown similar results. Cost analysis is very particular to each country because of different health politics and financial support. Even inside Brazil, regional differences influence the hospital costs. The most important conclusion of our study is that bone reconstruction and the consequent prolongation of the operative time are important factors that increase short-term complication and infection rates and, consequently, hospital stays and costs. All of which can be avoided by performing less complex reconstruction procedures. Further studies should analyze whether complex reconstructions have a better functionality and quality of life that compensate for this high complication rate. In conclusion, age, pelvic organ involvement, tobacco use, bone reconstruction and operative time were associated with complication rate increases in hemipelvectomy surgery. The infection rate was significantly higher for acetabular resections, bone reconstructions and longer operative time. The onset of complications in hemipelvectomies induced a 4.2-fold increase, and the onset of infection induced a 5.9-fold increase in hospital costs. 
